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CHAPTER I 
INTRODUCTION 
Most people who take p:~.rt in such a commonplace form 
of activity as reading do not stop to consider the psycho-
physical factors t bat are involved in the simple process of 
I 
scanning a newspaper, a magazine, or a book. It would be 
I well before reviewing the salient points of research in the 
I 
field to stop and look at a definition of reading: 
Reading is a psycho~physi cal proo cess that begins 
with the word to be read and passes through several 
stages, among which are the transmission of light 
from the several p:~.rts of the word to the eyes, the 
formation of a real image of the word on each of 
the two retinae, the stimulation of the retinal end 
organs, the trans miss ion of neural energy to the / 
brain where fusion of the image from each eye into 
one mental image takes place, the transmission of 
neural energy from the visual areas to the (left) 
angular gyrus, and ends wi i:h the recognition of 
the word. It also involves coordinated innervation 
of the oculomotor, abducent, and trochlea nerves, 
as well as the cervical sympathetic.l · 
Reading is almost as fundamental to the average person 
of normal intelligence and interests as is breathing; and as 
in the case of breathing, most persons tru{e it for granted 
and are not concerned at all by the complex pattern that must 
be followed When one reads a paragraph, a sentence, a word, 
I 
I 
II 
il 
I 
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or even a single letter of a word. 
How b y me ans of experiments and investigations, 
scientists have endeavored and are still endeavoring to find 
out what actually goes on during the reading process will be 
t he sco pe of this paper. 
For man y years it was cormnonly assumed that during 
the reading prooess each letter in a word, phrase, or sen-
tence was perceived sep arately . Thus, one of the early read-
' i hg investigators, Valentius1 , even after extensive research, 
cam~ to the conclusion th~t the reader saw each letter sepa-
rat ely as part of' the reading :pro ocess. He had many supporters 
at t h at tine and at a later dat e . It was likewise ta1cen for 
II granted th~t movements from one <:Jnd of the line to the 
,, 
eye 
. ,I other cons is ted of one continuous sweep of· the eyes • 
I However, a bout the year 1885 psychologists and others 
i nterested in the ps ychology of reading began to entertain 
-fl serious doubts about these old ideas and investigations, 
I which revolutionized thinking along these lines , were the 
., j, result. 
I 
I 
lj 
I 
II 
II II 
One of t he e a rliest researchers in this field and 
one who is given c r e dit b y many aut h orities for op ening 
up t h e wid est avenues of infor ma t ion was James McKeen catte11.2 
1 
2 
Reading . 
G. Valentius, Lehrbuch der Physiologie . 
Edmund B· Huey, The Psychol~ and Pedagogy of 
-- -= =r=--=--==- -
Professor Javal of the University of Paris made some dis-
ll coveries about this time, as did Landolt ,also of the University 
I 
il of Paris. .Among the pioneers of research in the psychology of 
II , • . reaalng, 
:I I known. 
the names of Goldscheider and Muller are very well 
Others who contributed measurably to an analysis of 
what goes on during the reading process are Dodge, Dearborn, 
I 
~ and l!;rdmann. There were many more also VIho took pa rt in earl;y-
1experiments and who helped to establish the basis for more 
extensive research by later scientists. 
I 
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CHAPTER II 
E~RLY RESEARCH IN VISUAL PERCEPTION IN READING 
As has b een stated previously~ the notion was long 
h e l d that~ in reading ~ each lettel"' of a word was perceived 
sep arately . There vias little or n.o questioning of this 
t h eory until about 1885 when scientists in various parts 
of Europe and the United States began to cast doubts on 
this assumption~ ani a series of e xperiments was begun 
to test new hypotheses held by various scientists and all 
bearirt..g on the psy chology of reading. Even after serious 
study and exp3r•imentsJ many scientists still ,clt1ng to the 
· ~-·· 
belief that p ercept ion is by i ndividual letters rather 
t han by words. Among the early investigators who adopted 
, and mai ntained t h e t h esis that reading matter is per-
r 1 
,, ceived by individual letters was Valent ius. .Another in-
1. 
vestigator~ and a later one than Valentius~ who came to 
the conclusion that the unit of perception in reading was 
,, the ind i v idual letter was Grashey. In 1885~ the same year 
ll ' in which Cattell was mak ing i mportan t discoveries J Grashey 
after extensive study of aphasia~ p ublished a paper in 
1 Valent i u s J op . cit. 
!'! which he insisted that pex·ception in reading was by indiv-
!1 idual letters and not by word.l Grashey's theory of per-
ception by individual letters rather than by word units 
1 found many supporters among researchers at that time. 2-
1':ot lo ng afterward, two Gennan scientists, Goldscheider 
' and Muller, discarded the theories of Valentius and asserted 
iJ that "determiningn letters were the important factor in word 
I 
recognition. Furthermore, Goldscheider and Muller in the 
course of their investigations and experiments, made shor·t-
II 
1 exposvre tests of words and letters. From the results of 
I these experiments they concluded that, first of all, in 
short exposures of unrelated 1e tters an average of four letters 
could be perceived on the first exposure. On a second short 
11 exposure of the same letters, a max:imum of five letters could 
I, 
II 
11 be correctly perceived.3 In reference to a letter-series 
11 which fo nned words, syllables, and word groups, Gold scheider 
I' 
1i and Muller found t r..at not mCll:' e than four letters w e1 ... e 
II 
successfully perceived at the first exposu~e unless they 
I 
!/ were quite familiar to the observe_r. 
ij ____ _ 
1 H· Grasrey, 11 Uber Aphasis und ihre Beziehung zur 
1
1 
Wahrnennung. n., Archiv. fur Fsychologie und Nervenkrankheit, 
1
1 
Vol. 16, p p • . 654-689, 1885. 
I 
2 William Chandler Bagley, 11 The Apperception of the 
· Spok en Sentence, 11 American Journal of :Psychology, Vol. 12, 
PP• 80-130, 1900, P• 84. 
3 Loc. cit. 
~====~ 
5 
They also made the imp ortant discovery that if the entire 
word is not perceived on the first exposure, the subject 
usually supplied the mis sir:g Je tters to fi 11 out the word. 1 
These men also fotmd that in words of eight letters or 
more it was necessary to have more than one short exposure 
before the word was perceived . They also discovered that 
although eight letters could be p erceived in .03 seconds, 
nevertheless three words that were connected in thought 
2 
content could be perceived d'lll:' ing the same exposure pel"iod. 
VI/hat is of major importance, Goldscheider and Muller 
arrived at the conclusion that, although there are such 
things as determining letters that serve as perceptual 
cues, there was no evidence to indicate that each letter 
was perceived separately. Hmvever, they did conclude that 
the probability existed that the "determining" letters 
brought the phonetic 11 letter sound images 11 which corres-
ponded to them ar.d that these produced the whole verbal 
picture . This reading in nvmrd ima g es" was actually reading 
by letter groups.3 
1 Ba g1 ey , 22_. cit • , p . 84 • 
2 Loc. cit. 
3 Loc. cit. 
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I 
Pillsbury, wri ti :r:g about this time, obtained results 
that were very s :tmilar to those of Golds cheider and Muller. 
Pillsbury's experiments consisted of obscuring words by 
either omitting letters altogether, or else by blurring 
and substituting letters in the words. He found that words 
with omitted letters were the most easily perceived. Next 
in ease of perception were words with the correct m.unber 
ofletters in them, but with some of the letters substituted. 
The most difficult of all to perceive were words containing 
1 blurred letters. If the first letter is blurred or other-
wise disfigured, it is quickly noted by the observer, while 
disfigured letters, other than the first, may be overlooked. 
A misprint standing alone is as quickly recognized as when 
others are combined with it in the same word. The strength 
of suggestion which comes from the WC!l." d is entirely inde-
p endent of the length of the word . Vfuen associated words 
are exp osed, misprints occurring among them are apt to be 
overlooked. 2 
In 189'7 Q.uantz carried on an experiment in visual 
percept ion with groups of university students. He used 
exposures of one-half, one, and two seconds on words, 
and words in a sentence. The results of his experiments and 
1 W. B. Pillsbury, "Reading of Words , tr American 
Journal of Psychology, VoL '7, 1902. / 
2 Loc. cit. 
II 
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his conclusions are rather interesting. I First of a 11, he con-
eluded that: "Half a secor:d (exposure) is seen to be rela-
tively much more advantageous than one second, ani one se-
cond than two seconds.nl 
He went on to say: "The shorter time is relatively more 
favorable because of (a) positive after~images (b) primary 
memory images, and (c) less overlapping of mental processes. 11 2 
Quantz believed that in a sh ort exposure the after 
i mage of the words or letters goes on for a short period after 
the shutter has closed. He also be~ieved that the after 
i ma g e persisted regardless of the length of time of the ex-
posure . Hence he deduced that it increased the time pro-
portionately more in a short exposure than in the longer 
one. 
The memory after image sometimes pretty clearly 
defined, seems to flit before the eye, after the 
disappearance of the object itself, only waning 
after several seconds. This amounts practically 
to a lengthening of the observation time through 
the vividness of the object (word) is, of course, 
diminished. The gain thus introduced would be 
relatively greater for the shorter exposures, as 
all the objects actually seen could be held in 
the image complex, but not so with the longer 
exposures • 3 . 
1 J. o. Quant z, "Problems in the Psychology of Read-
ing," The Psychological Review, Vol.2, 51 pp., 1897, p. 6. v 
2 Loc . cit. 
3 Loc. cit. 
Quantz further stated that shorter exposure times 
have added advantages in that the different p rocesses do 
not h i nder one another by overlapping as they tend to do 
when exposures are for a longeP period of time. He asserted 
that the impression made on the ret ina took some time to 
arrive at the sight center wh ere it became a sensation. 
However~ the sensation could still become a perception even 
with the closing off of additional stimuli caused b y the 
closi ng of the exposure appar•atus. This lifl-.k between the 
letter or word and the verbal expression may also be formed 
at a later time . In this process there is no overlapp ing 
of t he various "physiological and mental processes" as 
t here would b e in longer exposures where the word had to be 
perceived and named while additional sensations are being 
received. ''The shorter exposures really include~ there-
fore, for the interpretation and naming of the sensation, 
a certain length of unreck oned time in addition to the 
actual exposure time.rrl 
In support of these conclusions ~uantz cited facts 
that tended to p rove trat under nonnal conditions, and 
readi ng at tbe bieP-est rate of speed possible, the 
1 Quantz, op. cit., p. 6. 
maximum rate of reading is much less rapid than under the 
conditions in which his experiments an:i investig ations 
were conductect. 1 
During the latter part of the 19th century, two French 
scientists were experimenting at the Un iversity of Paris 
to determine some of the factors involved in reading. These 
men were Javal and Lamare. Javal came to the conclusion 
from extensive experiments am studies that in the reading 
process the upper half of the letters were the most important 
as a detenninant of _perception.2 In the course of his 
research, Javal was amazed to discover that the number of 
jerks of the eyes while reading a line of print remained 
the same v.ha tever the distance between the reader and the 
book. "Cette distance n•avait done aucune difference sur 
la grandeur absolue des sections. 113 Javal went on: 
Il devenait done evident que le lecteur devise 
la ligne imprimee en sections precisement aussi 
grandes qu'il convient pour que l'oeil dirige 
vers le milieu de la section puisse encore dis-
tinguer en vision indirecte les lettres qui en 
ferment le commencement et la fin.4 
1 Quantz, op. cit., P• 7. 
2 Edmund B. Huey, 11 On the Psychology and Physiology of 
Reading," .American Journalof Psychology, Vol.ll, pp.283-302, 
1900, P• 285. 
3 Loc. cit. 
4 Loc. cit. 
I -
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Ahrens :1 in the course of his experiments:~ 1 fastened 
, ' a bristle 10 em. long to an ivory cup which was 1 in tum, 
attached to the eye. He dis covered that the bristle made a 
straight sweep ahead during the reading of a line, but this 
was not refined enough to indicate stops or pauses along the 
way. Thus Ahrens did not indicate in his findings that the 
pauses in reading were present. 2 
Lara are, working a lone and v;i th Javal, found in his 
experiments that the sweep of the eye in reading was not 
one continuous sweep or motion, 1::ut was actually a series 
of jerks. 3 
Another early worker in the field of rese~rch on read-
i ng was Harold Griffing. In 1895 Griffing did some research 
on the perception of unrelated letters under short-exposure 
conditions. These letters were arranged in groups of three 
as follows: YOG LNA EVX 1ffiK and other similar combina-
4 
tions. The experiments were carried on, making use of sub-
jects from elementary school age up through the college 
level. In conducting this study the subjects were told to 
1 Ahrens:~ Die Bewegung des Augen beim Schreiben, Ros-
tock, 1891. 
2 Huey:~ op. cit., p.285. 
3 Loc. cit. 
4 Harold Griffing, 11 0n the Development of Visual 1 
Perception and Attention, 11 American Journal of Psychology, 
Vol. 7, PP• 227-236, PP• 228-229. 
II 
fasten their eyes on the fixation point and wait until the 
"ready 11 signal was given. Upon tbe flashing of the letters 
1 the observers were told to write down what they had seen. 
From these experiments Griffing found tl:at the aver-
age numb er of 1 etters - seen correctly in the first trial by 
the adults was three. In the younger g roup the average num-
2 
ber of letters seen was one. This study marked one of the 
first important steps in t h e comparison of younger readers 
with older according to age and grade levels. 
Also in this period Julius Zeitler was investigating I./ 
to discover what letters, if any, were mar>e adaptable to 
percept ion than others. 3 The letters which he thought were 
more easily pe reel ved he called 11 dominating" letters or 
letter coml::Ii.nations because the y had such a great bearing 
on the recognition of a word. These "dominating" letters 
Zeitler found to be the tall letters. These included those 
letters that pro jectec1 belo·w t he line as well as above it. 
This, of course, would exclude all the vowels as well as the 
remaining small consonants. 4 Among other things Zeitler 
claimed that when words are exposed for a very short dura-
ation, there is a wandering o:f attention over them. Moreover 
1 Griffing, op. cit., p. 229 ./ 
2 Loc. cit. 
-- --
and 
3 Reviewed by Tinker, M: . A., "Visual .Apprehension ·1 
Perception in Reading," Ps;ycholo gical Bulletin, Vol.26,1929
1
. 
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II 
familiarity with wor·ds gave the impress ion that they were 
being read simultaneously, and that in reality words were 
1 being read only by their dominating, constituent parts._ 
Messmer, who carr~ ed on his experiments at the _Univer-
sity of Zurich, came to conclusioD~ W.nich were very similar 
to t h ose of Zeitler. 2 In making use of very short 
exposures ( .002 sec.) he found that many errors viTere made in 
determining words from domi ns. ti ng letters. This, naturally, 
caused Messmer to suppose that the so-called 11minorn letters 
p layed an important part in word recognition. Accordi ng to 
Messmer the ''objective" reader recognized first the domin-
ating letters of a word, during the reading process. He then 
put together these g roups of letters which have been per-
ceived separately. The 11 subj e cti ve 11 reader, in Messmer's 
calculations, saw or perceived the total form of the word 
in one grasp of attention. The "subjective" reader is prone~ 
I 
to a wandering of attention vvhich may go far from the fix- j 
ation point . Of these two t ypes of readers, Messmer con-
cluded t ha t the 11 objective 11 type of reader is the more ac-
curate. The "subjective " reader tends to become more 
easily confused. 3 
1 Tinker, loc. cit. 
2 Oskar Messmer, "Zur Psychologie des Lesens bei I 
Kind ern und Erwachsenen, 11 Reviewed by Walter F . Dearborn, I 
Journal of Philosophl_, Ps ycholo&, and Scientific Methods, ~ -
- -=-~-=-== -a==PP=·=4=4=l~~~e-::~~-t -== = ===============~~~==·;!=· ===== 
[_~n 1900, Ra~rmond Dodge became interested in what 
·went on when the eye moved from one point of fixation to 
the other While reading :-{ Dodge discovered that whenever he 
I 
----
r1eld his head still, he could never catch his own eyes 
moving While he gazed into a mirror.l He wrote: 
One may watch one 's eyes as closely as possible, 
even with the aid . of a concave reflector, 
whether one l o oks f:Nllm one eyre to the other, 
or from some more distan t object to one's own 
eyes, the eyes may be seen ncm in on~ position , 
now in another, but never in mot ion. 
!'~ \: .:•··~ :L"'{.t '.'~\-:, 
If one fixa.~~s 1 the first part of a line, Dodge reasoned 
the words which are {seen Lf ~?- the middle of the line could not 
be seen at all. The results would be the same, he dis-
covered, if the fixation point were moved to the right end 
of the line. Even t hrugh t he middle of the line may be 
ille g i b le when the fixation point is at either the right 
or left end of t he printed line, still the 11 general character 1' 
of the line could be perceived from either one of the 
fixation points.3 Dodge also pointed out that during the 
reading process when the reader scans a line rapidly, the 
reader is under the illusion that he perceives during the 
eye movements. As a matter of fact, however, an analysis 
1 Raymond Dodge,"Visual Perception During Eye 
Movements, 11 P • 456. 
2 Loc. cit. 
3 Ibid., PP • 456-457. 
I 
v 
could shCM' the.t a 11 t b-e perception took place at the 
fixation points'i" t-~l}s led Dodge to refute t he argwnent 
of visual anaesthesia during e ye movement .. 
In a report published in 1898,2 Erilinann and Dodge 
took issue with Goldsche'ider and Muller. Erdmann and Dodge 
argued that, first of all, words are "optional 'i'ih oles 11 , 
but the spoken reproductions are letter combinations. They 
found also that in reading a p rinted line, if the head is 
held in an immovable position, there is a steady alter-
nation between the rest pauses am the movement of the 
eyes. FurthermC!r'e, there are three times as rre.ny rest 
pauses and movements of the eyes whenever the attention of 
the reader is on the text itself, as when the reader's at-
tention is focused upon the text. 3 Vlhenever the reader's 
attention is focused upon the text rather than upon the 
contents, the range of "distinct vis ion" is only about 
four letters. Erdmann and Dodge confirmed the theory that, 
in reading, the visual perception of words or letters takes 
place entirely during eye pauses. In addition they found 
in the course of their investigations that five times as 
1 Dodge, loc. cit. 
2 B. Erdmann and R. Dodge, 11 Psychologische Unter-
suchungen uber das Lesen auf expe rimen teller Grundlage, 11 
Halle, 1898. 
3 Bagley, ~· cit., p. 86 . 
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many letters could be read in word connection as without 1 
word connection. 1 The reason why familiar words can be 
p erceived under conditions which exclude recognition of 
single letters is due to the form or shape of these 
familiar words, and finally Erdmann and Dodge discovered 
that the p erception of whole short sentences, only part of 
which could be perceived, is attributed to 11 contextual per- .I 
ception."2 
Huey , in an article wb.ich appeared in 1900, stated 
that in reading at a n onnal distance between the eye and 
the printed page, the eye gets its data by 11 a process of 
photographing successive sections of each line." He de-
clared that the phot ograph.s were constantly overlapping 
one another at irreg ular distances.3 This conclusion of 
Huey agreed to some extent with the findings of Quantz in 
regard to the overlapping of images. Huey also wrote at 
this time that in short lines more words were perceived at 
each fixation, "though there is much variation and little 
regularity of correlation shovvn between line length and words 
1 Bagley, E.E_• cit., P• 86. j 
2 Loc. cit. 
3 Edmund B. Huey , "On the Psy chology and Physiology 
of Reading," Ame rican Journal of Psychology, pp.292-312, 
1900, P• 292. 
per fixation. rrl Huey also believed trat there was much 
truth in the assumption that the perception of letters~ 
words~ and phrases were the phenomena of association. He 
stated fur> the r that~ While reading~ children learn to 
associate the sound of a letter with the shape of letter 
combinations. 2 Havever, Huey contended that the association 
.between the form of the letter itself ani its name is not 
made any stronger by adolescent and adult reading, and it 
tended to disappear entirely in favor of the association 
with the letter's sound. Huey also believed in the associa- ./ 
tion of sound with the perception of letters. 3 
Huey wrote further that in the perceptual process an 
experienced reader made use of many short-cuts which 
4 
scientific study would have difficulty in detecting. 
Such a reader has grown up with these letter forms 
and word forms as intimate parts of his environ-
ment. He has made friends, boon companions of them~ 
in his own way, and differently with each. Some 
early absurd way of thinking about A, or about the 
appearance of the word cat or and, may have grown to 
be the invariable feeling reaction which greets this 
form when it appears and may really be the care of 
the consciousness in its recognition. 5 
1 Huey, op. cit., P• 293. 
2 Ibid., PP• 298-299. 
3 Ibid • , p. 2 9 9 
4 Edmund B· Huey, The Psychology and Peda.g~ of 
Reading, p. 103. 
5 Loc. cit. 
Huey went on to say that different experiences and 
associations have become an integral part of the appearance 
of the various word shapes, and fUrthermore these associations 
vary from one reader to another. These associations actually 
tell what letters or syllables will stand out in any word 
with any given reader. 1 Nevertheless, Huey agreed that in-
vestigation has shown that there are certain "general 
featuresrr in the p rocess of perceiving in reading that are 
common to all readers. Among these Huey included the physical 
factors in reading, such as the actions of muscles , while on 
the psychic side there is a "more or less unitized movement 
of mind, a sense of inner activity.'' 
In addition to this, Huey injected a note of caution 
in regard to the theory that dominant letters and letter 
groups are all-important in word percept ion. He emphasized 
the point that these dominant letters or letter groups are 
not perceived as 11 distinct letters 11 even though they are 
the most important factors in word percept ion. Actually, 
Huey saw tbat in the normal reading process, they really re-
ceive a minimum of attention and without nany apperceptive 
act that is distinct from that for the larger whole in 
which their recognition is subsumed. rr2 However, after the 
1 Huey, op. cit., p.l04. 
2 Ibid., P• 109. 
I 
word is completely . recognized, tbsn tbe reader is . prone 
to be aware of the dominant or determining letters in the 
word. 1 In further opp osition to the all-out theory of word 
percepti on by determining letters, Huey believed that with 
most readers the whole form of the word, the word length, 
and othel;' allied features, give the reader the first clue 
to the recognition of the word. The stimuli which cause the 
recognition all act simultaneously to set off the general 
form of the mole word rath er than just a few dcminating 
letters •2 
Since most of the investigators agreed that reading 
took place during the pauses and not during the eye-movements, 
the question naturally arose as to what took place during the 
eye-movements. · Holt3 was of the opinion that a condition of 
"visual central anaesthesia 11 took place during the eye-
movements from one point of fixation to the other in the 
reading process. 4 Dodge indicated that, while he did not 
agree wholly with the findings of Holt in this l.1'19.tter, still 
he thought that there was something tan gible in Holt's views 
1 Huey, ~·cit., P• 110. 
2 Loc. cit. 
3 Holt, Ha~vara Psychological Studies, Vol. 1. 
4 Raymond Dod ge, "The Ill us ion of Clear Vision During 
Eye Movement, 11 Psycholog ical Bulletin, Vol. 2, PP• 193-199, 
1905, P• 193. 
.:.'lj'!) 
. .Ji... .. _.:, 
/ 
in regard to a state of visual anaesthesia· during eye-
movements. However:~ in pointing out the inconsistencies of 
Holt's arguments, Dodge indicated that anaesthesia did not 
take p lace in touch as a result of moving the hand over a- · 
surface 1 so that there was no reason ·to, conclude that the 
anaesthesia took place in sight because of the movement of the 
eyes.l 11 \i\lben we follow a moving object, for example :1 eye 
movement is a condition of clear vision:~ not a condition of 
2 
anaesthesia. 11 
Moreover, Dodg e went on, When a point of fixation is 
maintained during movements of the head:~ by making use of 
compensatory movements of the e ye neither the movements of 
the head nor the movements of the eyes, nor both together, 
can cause anaesthesia. Dodge concluded by saying that he had 
yet to see any "unambigious evidence" of an anaesthetic con-
dition during the movements of the eyes, While most of 
the evidence at hand would tend to prove the contrary.3 
This article by Dodge was published more or less as a re-
buttal to Holt's theory of anaesthesia during ey e movements 
in reading. 
It was pointed out earlier that the tneory of reading 
by letters had long been held as being the correct process. 
1 Dodge, op. cit., P• 193. 
2 Ibid., P• 194. 
3 Ibid. :1 P· 197. 
20 
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Up to 1885" and even long after" psychologists like 
Valentius" Grashey and otbers held to this belief . In 1885, 
however, James McKeen Cattell made public a series of 
experiments he had conducted which completely refuted the 
theory that reading is done by the percept ion of individual 
letters. The purposes of Cattell's experiments ~~~}to 
\_-· 
determine the amount of time taken up in recognizing and 
pronouncing letters and words. First he was going to try 
whole sentences, then he inten:led to try combinations of 
nonsense letters. 
In experimenting with wt1.ole words and sentences 
Cattell selected passages from authors in six different 
languages, English, Gennan, French, Italian, Latin, and 
1 Greek. 
The readers read the first one-hundred and the first 
five-hundred words, and in addition the first one-hundred 
and first five-hundred letters of t h e selections. The 
readers had to read the words and letters as rap idly as 
possible; t h e words were also to be read at a nonnal rate. 
In the case of the words that did not make sentences and 
letters that did not make -words., the passages were read 
backward. Cattell found that after the passages were read 
. 
I 
1 A. T. Poffenberger, ed., Jalnes McKeen Cattell: Man 
of Science, (Lancaster: Science Press., 1947, 2 vols.) Voy:-1., 
Tr0n the Time Required for Recognlzi ng and Naming Letters and 
Words, Pictures and Colors • 11 pp. 13-25, 1885, p. 18. 
backWard for s orne ti me, the reversed reading did not take 
much longer than the forward reading. 
In his time-exposure on these experiments Cattell 
used One one-thousandth of a second. When he examined the 
results of the tests he had given , he had s9me very in-
teresting and, for that time, some startling results. First 
of all, he found that the "maximum speed of reading letters 
that· comp ose words andvords tbat compose sentences, changes 
in direct relation with the reader's knowledge of the lang-
uage or selection in question. 111 Cattell found this to 
be true not only for words in senter~ es, but also for 
l etters that formed words. A person may imagine that he is 
reading a foreign language as rapidly as his own, While 
actually his speed is conditioned by his familiarity with 
the foreign language. Cattell explained that this clarified 
the reason why people think that fol"eigners speak more 
rapidly than natives who are listening. 
Cattell dis covered further that for words that do not 
make sentences, and letters that do not make words, the 
reading time is just about doubled. 2 Cattell also made 
the very important discovery that although the time taken 
1 Cattell, op. cit., p. 21. 
2 Ibid., P• 23. 
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for the recognition of letters was a little shorter than 
for recognizing words, the difference was so small as to 
be negligible.l This result was of major importance in the 
light of the views held b y most scientists and investigators 
at that time. 
In probing deeper into his studies of perception in 
reading, Cattell sought to determine the time that a light 
that was reflected from a letter or word would take to 
operate or work on the retina so that t..h.e word or letter 
would be perceived.2 He found that the time for German 
letters was longer than for Latin; this he attributed to 
the complexity of German letters and to the similarity 
among cer~ain German letters. 3 He found that the time was 
slightly shorter for words than for letters. 4 
Moreover, Cattell found that certain letters of the 
alphabet, especially the capitals, are more easily per-
ceived than others. For irn tance, "W" is much more easily 
perceived than 11E 11 ; ns", am "d" were also difficult to 
perceive, while 11 0 11 was mistaken for 11 Q, 11 ani "G" was mis-
-caken for 11 C11 an:l so forth. 5 Experiments on the ease of 
1 Cattell, loc. cit. 
2 Cattell, 11 Inertia of the Eye and Brain," Vol. 1, 
PP• 26-4u, P• 33. 
3 Ibid., P• 34. 
4 Loc· cit. 
5 Ib id • , p. 37 • 
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perception of the smaller letters, 11 d 11 , 11 k 11 , am 11 m11 being 
the easiest to perceive, while 11 g 11 , 11 c" and ".sn are the 
most difficult. 1 
In the same series of experiments , Cattell found that 
in exposures of .01 sec. three or four letters could be 
grasped, two words or a sentence of four words . Not as 
many words as letters could be perceived at one time, but 
three times as many letters that made words could be per-
ceived as nonsense letters in groups . Twice as many words 
could be ~rceived w hen tney fonned a sentence as when 
they were disconnectect . 2 
1 Cattell, loc. cit. 
2 Ibid., P• 39-40 • 
/ 
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CHAPTER . I II . 
MORE RECENT RESEARCH IN VISUAL PERCEPriON I N READING 
Many of the investig ators of visual perception in 
reading who -follo:we d closely upon the early scientists 
in tnis field concentrated on vVb.at they called the "range 
of attentionlf in perception. These experimental studies 
were aime d at proving that the span of' visual apprehension 
for various types of material is an important factor or 
determinant of reading ability . Pursuing the idea further 
it is important to look at visual apprehension in order 
to show to best advantage its relation to the reading pro-
cess. 
Ear ly investigators considered the nunfu er of objects 
apprehended correctly from a very short exposure as the 
Hrange of attention. 11 Vlork ing on this line, Fernberger 
conducted experiments in the Laboratory of Experimental 
Psych olog y at Clark University in the early 1920 •s. 1 He 
sought to discover how many similar objects could be per-
ceived at a single 11 grasp" of attention; re was trying 
l s. W.Fernberger, "A Preliminary Study of Range of 
Visual Attention, 11 American Journal of Psycholog y, Vol. 32, 
1921, PP• 122-133. 
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~.~o find the limen or threshold of visual apprehension or per-
cepti on. 1 Fernberger used very short exposures of cards on 
wb.i ch dots 5 mm. in diamet e1~ were printed. On these cards 
there 11vere four to twelve dots located haphazardly. The 
Whipple Tachistoscope was used while the subject sat 2. 5 m. 
from the apparatus. 2 
The results of these experiments showed, first of all, 
that the observed relative frequencies of correct judgments 
in these investigations upon the range of visual apprehension 
I 
follow a continuous function of ogive form. Als o, these 
studies showed that the statistical limen., or threshold, which 
is the stimulus value for which accurate judgments are formed 
in fifty per cent of the cases, was still the most reliable 
criterion of the range of visual apprehension. Furthermore, 
!the experiments showed that the individual limens for simul-
taneous visual apprebensi on ranged from six to over eleven 
stimulus objects. 3 In these experiments Fernberger considered 
visual apprehension and perceptual span as the same. 
In later experiments, Fernberger and Dallenbach at-
tempted to show the difference between range of attention 
1 Fernberger defines the limen or tr~eshold as that 
value of stimulus the sensing of which has a probability of 0.5 
or that value of stimulus which is as likely to be sensed as 
not~ p. 122. 
2 Fernberger, op. cit., PP• 123-124. 
3 Ibid., p. 133. 
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and visual apprehension.- One af the most important as-
pects of percept ion in the psychology of readiP.g is the 
study of eye movements during the reading process . In 
spite of the fact tbat many treatises were published be-
fore that time, it was not until 1879 that eye-movement 
during readiP~ was found to consist of a series of jerks 
and not by one continuous sweep of the eyes. As stated in 
a previous chapter. Javal a1n Lamare, by conducting ex-
peri ments at the University of Paris, discovered that the 
eye goes through a series of jerks while reading a line 
rather than having one continuous sweep of the eye from 
one end of the line to the other. 
It rerr..ained for Dearborn, however, and at a much later 
time, to make the greatest strides in the investigation 
2 
of eye movements during reading. Following extensive in-
vestigation, Dearborn discovered that: 
1. Dodge's experiments were valid as far as the 
speed of forward movoo1ents of the eyes during 
reading was concerned. These eye-movements 
were much more rapid tmn Huey's experi ments 
showed and proved that no reading could pos -
sibly take place during these eye-movements. 
1 Tinker, "Visua 1 Apprehension and Percept ion in Read-
ing,fiPsychological Bulletin,Vol.26,pp .223-240,1929, p. 223. 
2 Dearborn, "Psychology of Reading,n Columbia Univer-
sity Contributions to Philosophy and Psychology, Vol.l4 , #1. 1 -
2. The time taken up by the fixation pause was 
about one-fifth of a second., b.t t actually it 
varied with the reader. 
3. Fixation itself is not positive and constant, . 
but is only ap~oximate. The eye may make a 
slow, gradual change of posit ion during the 
fixation period . 
4 . With a 1 ine 96. 5 mm. long there were an average 
of 7.45 fixations so that 1.6 words on an aver-
age were read during each fixation period. 
5. Furthermore, fixation is not exactly p recise 
with regar•d to the position, vertically along 
the line. ·Also it is not, as Javal thought, 
confined to a strai ght 1 ine between the middle 
and top of tl~ s mall letters, but it wavers 
to a slight extent up and down; tl~ese inaccura-
cies increase, evidently, when the line is long, 
or tl~ type is small. 
6. In addition, the forwe.rd jetirs of the eyes may 
be interrupted by regressive movements, or re-
fixations. This retracting action is most 
evident at the beginning of a line, or in 
the first few lines of any given passage. 
These indicate a 11preliminary 11 difficulty in 
locating the left-hand margin of a line which 
may be later overcome as the eye becomes 
accustomed to the mechanical arrangement 
of the printing. There takes place, also, 
occasional movements of refixation because 
the eye runs forward too rapidly for appre-
hension by the reader. 
7. The first am last fixations generally fall 
within the edges of the printed page, but 
this varies somewl::e.t with the reader and with 
the particular c baracter of the words which 
are at opposite ends of the line. 
8. The point of fixation does not necessarily 
lie in the middle of a group of words, but 
may be within the word itself. The point of 
fixation is usually in the rr.iddle of an area 
of clear vis ion. 
9. -The more complex the sentence, the greater 
the number of pauses. 
10. Eye-movement s probably fall int o a rhythm 
such as four or five on each line of equal 
length and difficulty. ) 
11. Dearborn believed that any difficulties ex-
perienced by children in eye -movements are 
over by ten years of age. 
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12. Fatigue~ according to Dearborn, caused a 
slov1er rate in reading and led. to a gradual 
decr·ease in the velocity of eye-movements .1 
Since Javal and Lamare, and later Dodge and Dearborn, 
had shown that the reading process consisted of eye-movements 
punctuated by pauses, t he logical question arose in reference 
to what took place during the eye-movement and what took 
place during the pauses. The question had to be answered in 
regard to whether visual percept ion took place during the 
eye -m.ov erne nt or n ot • 
Dodge and Erdmann found that if they passed a printed 
line by a window at the speed of 1 ern. in .01 sec. which is 
about the speed of saccadic eye-movements 2 in reading, it 
could not be perceived well enough to read. From this they 
concluded that perception in reading can only occur during 
the pauses in which fixation takes place. 3 
Dodge by a series of experiments showed conclusively 
that there was no cJ.ear vision during the movements of the 
eye. He indicated that the unclear visual sensations re-
ceived during eye-movements in reading are "not attended to 
and therefore are not perceived. n4 
·1 Dearborn, Columbia University Studies,Rev. by ~~ipple 
2 Saccadic eye-movements consist of the sweep of the 
eye being interrupted by pauses or jerks as the eyes move from 
one end of the printed line to the other. 
3 Tin.fter, 11 Eye Movement Duration,Pause Duration a:od Reading Time, Ps cholo ·1ca1 Review, pp.385-397,192d,_.385. 
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Up to 1917 there was little or no at tent ion paid 
to i ndi vldual differences in the field of eye movements 
during the reading process. With the advent of interest 
in remedial reading, several studies appeared in which in-
dividual differences in eye-movements were stressed. 'l[;tith 
the new- found interest in eye-movement in reference to re-
media 1 reading and r ee.di ng dis a bi lit ie s , there als o ap p-
eared differences of opinion · on eye-movements and nntor 
habits as causes or sJrmptoms of inefficient reading. 
Tinker,-who did a great deal of research in this field 
of perception in reading, stated that in poor readers there 
appeared to be a pattern of 11 oculomotor behavior. 11 There 
may be many and long fixation :pa.uses, . and irregular se-
quences of fix at ion along the printed line~ At various 
times these eye-movements may be so erratic as to seem 
like an "aimless roaming to and fro." This is just the op-
posite of eye-movement patterns in the efficient readers. 
This, as Tinker indicated, has led some writers to con-
clude that faulty eye-movements are the causes of poor 
reading. These writers assume that peripheral motor habits 
are determinants of central perceptual processes. To this 
group belong Pressay, Gray and others Who believe that 
the improvements in motor babi ts in eye-movements will 
3 - -
result in the improvement of reading •1 It must be admitted ..J 
t hat investigation and corrective work along this line 
tended to bear out this line of reasoning to a limited 
2 
extent. Tinker, Gates, Eames, Sisson and others were con-
vinced that eye-movements were s ymptoms of reading de-
ficiency rather than causal factors, and they insisted that 
no amount of training in visual motor habits would improve 
the readi~_g skill. There was, on the other hand, abundant 
data to shaw that variations in e ye-movements were controlled 
mainly by changes in pl''Ocesses of perception and appre-
hension.3 
Tinker concluded that: 
1. There is no evidence to prove that the 
training of eye movements develops ef-
fecti ve motor habits which in turn 
improve reading. 
2. on tbe contrary, there are data from many 
sources which indicate that the nature of 
tbe oculomotor performance in reading is 
largely determined by central p:> ocesses 
of perception and apprehension. In 
1 Tinker, " The Role of Eye Movements in Diagnostic 
and Remedial Reading," School and Soc iet~, Vol. 39 ,pp.l47 -148, 
1934, p.147. 
2 Loc. cit. 
3 Ibid., P• 148. 
other words, eye movement pattel"ns do not 
cause, but merely reflect efficient or 
p oor reading performance. 1 
The implications of these conclusions for diagnostic 
and remedial reading are clear. The measurement of 
eye-movements, which requires elaborate ap paratus 
and is costly if done accurately, may be dispensed 
with in the reading clinic. In the remedial treat-
ment the training of "pacing 11 of eye-movements may 
be omitted witho~t lessening the effectiveness of 
the instruction. 
Tinker showed that the time taken up for fixational 
pauses, plus the time taken up for eye-movements, together 
make up the total reading time of any given selection. 
Naturally, most of the reading time is consumed in the 
pauses.3 The problem was to find out how much time was taken 
up in eye movements, and what proportion of time was taken up 
in pauses while reading. 
Volkr(l...a.nn, in 1846, had made the first tests to try 
to determine the velocity of saccadic eye-movements, but 
his results were not too satisfactory. Erdmann and Dodge 
improved a great deal on Volkmann 's methods am results. 
In 1928 Tinker conducted experiments to try to measure eye-
movement times and fixation pauses. He made use of a 
1 Tinker, loc. cit. 
2 Loc. cit. 
3 Ibid., P• 148. 
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photographic technique. A pencil of light from a point 
source was set up, a carbon arc was then reflected into the 
right eye of the person being measured. This was done by 
means of a system of first surface mirrors. The beam of 
light was cut at steady intervals of one-fiftieth of a second 
by a revolving, perforated disk vvhich was kept in motion by 
a synchronous motor which, in turn, was controlled by a tuning 
fortr. The beam of light was reflected from the surface of the 
cornea through a lens into an enlarging camera. At the back 
part of the camera it came to a focus on a kinetoscopic film. 
This film was movine continually at the same rate of speed. 
The duration of the beam of light wb.i.ch was reflected from 
the camera would change every time the eye of the reader 
moved. While the subject being studied was reading a se-
lection, the fixation pause each time was recorded on the 
film as a sharply focused line. These lines appeared as a 
series of dots rather than as one continuous line because 
the beam of light, as stated above, was interrupted at regular 
intervals. Each dot, the n , would represent one-fiftieth of 
a second. ! study of the complete films would yield the 
number of fixations employed in the reading and also the 
duration of each fixation. Interfixational eye-movements 
were shown by the perpendicular distances between the 
.34 
records of successive p auses which occurred. 1 Tinker used 
two g roups for t esting purposes : one group cons is ted of 
ten studen ts in junior arrl senior high school, the other 
group was made up of sixteen college students. 2 
The results of these experiments led Tinker to the 
following conclusions: 
1. Less than ten per cent of t h e reading time 
was taken up in eye movements for all reading 
material used. 
2. The total averag e showed that only 5.9 per 
cent of the reading time was consumed by 
eye-movements. 
3. Th is all~Ted about ninet y-fot~ per cent of 
• the tf)me for perception during the pauses. 
In previous investi e;ations, t he average 
proportion of time taken b y eye-movements 
was fourrl to b e 6.4 per cent (Erdmann and 
Dcxlge) and 5.5 per cent (Shen). 
4. The ratio between e ye - movement duration and 
reading time bore a constant relationship to 
the reading attitud e of each su b ject. It was 
found that the more careful an:l analytical 
the reading, t he sn13.ller this ratio would be. 
1 Tinker, op cit., p . 390. 
2 Ibid. , P• 3\91. 
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5. vVhen the mental processes invo+ved in the 
reading were more complex, the reading 
pauses consumed a relatively greater per 
cent of the total time. 1 / 
In a studywhichwas, in a sense, a follow-up of the 
above, Ti~~er stated that there were four measures which 
were "ordinarily considered" in eye-movement. These are 
the fixation frequency, the regression frequency, the 
pause duration and the perception time. The perception time 
is found merely by adding the sums of all the pause 
2 durations. 
In order to try to determine what effect motor habits 
had on the ::>peed of perception and reading efficiency, 
Donald Sisson conducted experiments on college students. 
Those psychologists who held to the theory of eye-movements 
as the cause of inefficient reading were followers of 
Dearborn's theory of a particular pattern·of pause fix-
at ions per printed line. Dearborn and this group of 
investi gators believed that this pattern of pause fixations 
was characterized by a relatively long initial pause fol-
lowed by several of decreasing duration and terminated b y 
1 Ibid., p. 396. 
2 Tinker, 11 Eye r.1ovements in Reading ,rt Journal of 
Educational Research, Vol. 30 , PP• 241-266,1936, p . 250. 
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a fairly long end pause. F rom these ob servations they in-
ferre d t h at short-lived motor habits were in some way 
causally connected with efficient reading. They said simply 
that t h e fast reader is fast only because h e is able to set 
u p efficient habits of e~re-movements very readily and 
easily. 
The purpose of Sisson 1 s exp eri men t was to try to 
establish the existence or non-existence of short-lived 
motor habits of e y e-movements in reading ;the relation 
of such h abits to the length of the line:~ to the type of 
material read, and to the leve l of reading a bil ity. 1 
S isson used ten college students. Each student read 
twelve paragraphs of seven to eleven 1 ines before an eye-
movement camera. Six of the paragraphs were easy narrative 
ma terial, six were of very difficult scientific prose. 2 
Sisson analyzed the findings for the number of fix -
ations p er line, average pause duration, average number of 
regressions per line, and the perception time per line. 3 
After stud ying the results, Sisson concluded : 
1. The habit index is higper for short lines 
than for long ones. (The habit index is 
1 Do:nB. Jd Sisson, 11 Habi ts of Eye-Movement in Reading, 11 
J ournal of Educational Psychology ,Vol.28,pp . 437-450,1937 ,p.43 · • 
2 Loc. cit. 
---
3 Ibid. , p . 439. 
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the number of lines having the same 
number of fixations .. ) 
2. This does not necessarily prove that habit 
formation is easier for short lines than 
for long lines . 
3. There is no consistent tendency for the 
habit index to favor one kind or type of 
reading rna terial over another . 
4. Good readers tend to ba ve a higher habit 
index than poorer readers although the 
difference is not high. 
5 . The habit index cannot be said to measure 
any individual trait. 
6 · Initial reading pauses are longer than the 
average; final pauses tend to be shorter than 
the average. 
7 . Short lines do not differ from long lines 
in regard to time distribution of fixation 
pauses within the line nor do good readers 
differ from poor readers in this respect. 
8. A higher habit index seems to be a consequent 
of a 1 ovv fixation frequency and a result , 
rat ber than a cause of poor reading. 1 
1 Sisson, op. cit., PP • 439-440. 
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Hence, it may be seen that Sisson's findings are at 
variance with those who assumed tbe t h eories of the habit 
concept that good reading required rhythmical fixations 
evenly spaced along the line. Sisson reasoned that the 
eye-movements were not the basis of reading capability, but 
merely expressions of the underlying process of assimilation. 
In another study desig ned to discover whether or not 
eye-movements are a causal or symptomatic factor in poor or 
efficient reading , Morgan used sets of twins in order to try 
to discover an acceptable solution. He wrote: 11 If eye-
movements are entirely due to habit, then t he resemblances 
between identical twins should be no greater than between 
unrelated pa:ir s • ul 
Morgan went on: 11 On the other hand, if eye-movements 
are dependent entirely upon underlying processes of assimi-
lation, then the relationships among twin pairs should suggest 
a basic similarity comparable to that reported in studies 
of physical characteristics and mental abilities . rr 2 
In his experiments Morgan used an Opthalmograph to 
photograph the eye - movements . His sampling consisted of 
thirty-three pairs of fraternal twins, thirty-five pairs 
1 David H. Morgan,"Twin Similarities in Photographic 
Measures of Eye-Movements While Reading Prose," Journal of 
Educational psychol9.B1.,, Vo1.30, pp . 572-585,1929 , p . 573-.-
2 Ibid. , PP • 573-574 . 1 
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of identical twins, and forty artificial pairs . These pairs 
were equated on the basis of IQ ~ CA, reading age and so 
forth. The measures of eye-movements to be made were re-
gressions per hundred wo rds, fixations per hundred words 
and average pause duration.l 
Mor gan 1 s findings tended to strengthen the position 
held by Tinker, Eames, Sisson and others in regard to the 
eye-movement theory and reading ability: 
The finding s of this study are in harmony vli th 
the statement that faulty eye-movements patterns 
are an outcome or correlate, rather than the 
cause of reading disabilities. The "habi t 11 con-
cept, as an exclusive explanation, appears un~en­
able in the light of results from this study. 
From this Morgan inferred that the 11 goal of remedial 
reading should be the development of the individual in res-
pect to his capabilities, rather than the formal develop-
ment of certain eye-movement patterns which have been 
found to accompany efficient reading. rr3 
In another investi gation of the er:rect of fatigue on 
eye-movements during a sixty-five hour vigil in which 
college students were used, it was found that there were 
no marked or uniform changes in the behavior of the eyes 
1 Morgan, op. cit., p. 584. 
2 Loc. cit • 
3 Ibid.;· P • 585. 
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as t he period of wakefulness grew longer. Furthermore, 
t h e fixation time, nu.mger of fixations and regressions, 
showed that t here was no consistent variation due to 
fat i gue. 1 
Working on an experiment in 1941, Walker and IVIolish 
sought to determine the relationship between certain fac-
tors of ocular efficiency arrl eye-movement measures . The 
experiments were carried out on students at the college 
leve1. 2 These investigations were in line with attempts 
up to that time to determine to what extent the "peripheral 
factors" or eye-movements were to b e regarded as fundamental 
causes of inefficiency l n reading. 3 
Ninety-six colle ge students were used in sampling. 
Four eye-movement measures were to be secured, the number 
of regressions per hundred words, t h e number of fixations 
per hundred words, the mean span of recognition, and the 
mean fixation time. Two selections were read by the 
subjects. The flrst selection served to acclimate the 
subject to the environmental aspects, the second 
l Brant Clark and Warren Neil, "A Photographic 
Study of Reading During A Six ty-Five Hour Vigil," Journal of 
Educational Psycholog~ , Vol. 31, pp. 383- 389,1940 , p. 388. 
2 Walker and Mol ish, 11 The Relationship Between 
Factors of Ocular Ef f iciency and Eye Movement Measures at 
the College Level. 11 Journal of Educ. Ps ych., Vol. 32, 
PP • 145-149, 1941, P• 145. 
3 Loc. cit. 
,. 
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selection was to b e the subject of the measurements. 
Analysis of the results showed the following : 
1. There is no real relationship betwee n the 
number of fixations and regressions per 
hundred words and any visual factor which 
was measured b y the Betts Test. 
2. Actually, a slight ne gative relationship 
is present between the mean fixation time 
and distance fusion. 
3. Also, there exists a slight positive re-
lationship between the mean fixation time 
9 
and near-point fusion.~ 
Tne results indicated further that there was no 
support to t be theory that eye-movement measurements are 
closely related to peripheral characteristics of the eye 
as meas111:>ed by the ten Betts tests of vision. 3 
\!Vhile the investigations of eye-movements as fac-
tors in visual percept ion were underway, other experiments 
;i.n perception were b eing carried out using short exposure 
methods and, as in the case of the eye-movement studies, 
the purpose was to seek ways of discovering and analyzing 
as well as correcting reading disability and inefficiency. 
1 Ibid., p. 146. 
and 
In the previous chapters the work of Cattell, and 
Erdmann and Dodge were cited. Cattell made some of the 
earliest experiments in sh crt-exposure percept ion, and 
most of his findi"ngs were corroborated later by Erdmann 
and Dodge. 
In 1930, Cassie ? ayne ur:dertook some studies on 
short exposure of wcrds in reference to quick perception. 
These experiments endeavored to discover how much the 
average child c ruld see of isolated words an:l phrases at 
a single fixation. The investigation also sought to describe 
a procedure for giving tachistoscopic tests which would 
also include tentative norms of performance for children 
1 in grades tv-vo through six. 
The words to be used were to be isolated and not in 
any contest. The advantage of this was obvious in that 
the eye of the observer is taken up only by the isolated 
word or lEtters and not by what may cone before or after 
2 
them. Short exposures were made by means of a portable 
tachistoscope of the Dearborn-Langfield type. The ex-
p osure time was one-tenth of a s econcl. Since the ex-
posure required less time tl~n it takes the eye to move, 
1 Cassie S . Payne, The Derivation of Tentative Norms 
for Short Exposures in Readrng,-rGambridge;-Harvard Uni-
versity PreSSl, 1930, p. 2. 
2 Ibid • , p. 10. 
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practically no eye-movement is possible at the tirne the 
exposure is reg istering on the retina of the eye.l The 
short-exposure tests were to be made up of words, phrases, 
sentences, and numbers which were common in g rades two 
through five. Both familiar and unfa:niliar wcr ds were used 
of varying difficulty, lengths and shap es.2 The multiple 
choice method of answer was eliminated because of various 
factor s t hat would lead to error. Writing down the answer 
was also eliminated because of the length of time involved . 
Finally oral resp onses were decided upon as the most 
accurate mode of answering . Grades two through five 
in three pub lie schools and one private school were 
sampled. 3 The children who were used in this experiment 
represented the products of two extremely different methods 
of teaching reading . Some children had been taught by the 
me thod in which the chief emphasis had been placed on oral 
reading as a beginning, with the acquisition of oral reading 
ability preceding that of silent r eadi rg . The second 
method consisted .. of p lacing the main emphasis on the 
thought and story b aclc ground as a beginning with the acqui-
sition of silent reading a b ility preceding that of or a l 
reading. 4 
1 Ibid. , P • 10 
2 Ibid., p . 11 
3 Payne, op. cit., p . 17. 
4 I b id. , PP • 17-18. 
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A Group-Intelligence and a Group-Reading Test were given to 
each child. 
The results of t h ese investi gations were interesting : 
1. The responses mad e by four hundred elementary 
school children to tre se short exposures of 
words am phrases showed that it was i.mpos-
sible to determine exactly how much a child 
saw at a given fixation. 
2. .A- lthough there may be some physiological 
explanation in terms of visual processes 
for some of the various errors in oral 
reading, it is to be questioned vhether 
or not this _explanation is not · frequently 
bases upon the results of 11 vitiating 11 
factors which creep into the experimental 
work itself. 
3. The rrajor difficulty in learning to read 
is apparently not in the amount that ca..'"l 
be grasped at one fixation, or in the 
method of seeing it, but in automatically 
giving the correct resp onses. 
4. If one word is more difficult than the 
other, it is merely because it has not been 
learned as well . Competent teaching should 
give all children of normal intelligence 
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the same familiarity and confidence 
with words and word forms. 
5. Familiarity with a word determines whether 
a child wi 11 give the correct ans wer or 
whether he wi 11 answer b y another word 
of similar si z e and shape. 
6. Training and maturity is the determining 
factor in correct responses to reading 
matter by children. 
7. The short exposure perception test can 
be adapted to common use Clf the school 
psychologist or reroodial reading teacher. 
This is very true and of great importance 
in the first and second grades before in-
correct teaching has molded the child. 1 
Payne also ob served that there was still a g reat 
deal of mystery attached to the many psychological factors 
involved in oral responses to short-exposu.res. 
In a study conducted at Boston University .,2 an at-
tempt was made to d etermine how accurately pupils in the 
upper g rades were able to perceive individual wards at 
1 Payne, op . cit., PP• 58-59. 
2 Dudley Herbel .. t, Word Percept ion in the Upper ,/ 
Grades., Unpublished thesis., Boston Un~versit~l939. v 
.. lf ) 
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various exposure speeds. Also> the purpose was to dis cover 
if there were any significant differences between these 
grades in the ability to perceive indiv:i.dual words . The 
third aim of this study was to determine the relationship 
between w.~Dmperception and reading achievement.l The 
apparatus used in this experiment consisted of ·a quick- ~.~ 
flash device and translucent projection screen, a film 
slide of stimulus words, multiple choice test forms and an 
exposure meter. Four separate exposures were used: one 
t wenty-fifth sec., one-tenth sec., one-fifth sec., and 
one-half sec. The screen was placed ten feet from the pro-
jector. Two tests of fifty words each were used. The 
ehildren tested were from grades six, seven, and eight; 
there were one hundred twenty-f:i.ve in all. The Stanford 
Reading Test was given to all the pupils taking part in the 
exp eriment. 
The conclusions showed that ability in recognizing 
words depended upon the reading ability of the subject and 
his previous familiarity with the word . (This confirmed 
Payne's findings.) All divisions did fairly well at ex-
p osure speeds up to 0.16 sec. However, between 0.16 sec. 
and .03 sec. performance ru~opped to a marked degree. The 
1 
2 
Ibid., P • 2. 
Ibid. , PP• 15-16. 
same k ind of errors were made by all the children as the 
s p eed of t re exposures increased. Analysis of the mistakes 
made in the same wo r ds at various exposures showed that 
ease of recognition of individual words was in this order: 
1. Recog nition of -vv hole words 
2. Recognition of beginnings of words 
3· Recog nition of word endings1 
Eames experimented with short exposures to fi :r>..d out 
at what speed a child could perceive wcrds. The speed of 
word recognition was measured by means of a measuring 
t a ch istoscop e consisting of a 35 mm. projector, so built 
that the film could be fed through it manually, frame by 
frame . Exp osure was .01 sec. The words used were of vary-
ing 1e ngth and difficult y ar:d ran from the pre-primary 
level through the sixth gr~de.2 A study of t .he results by 
Eames led him to make tbe following conclusions: 
1. The investigation showed that reading is 
done b y the recognition of minimal cues. 
2. Speed of word recognition tends to be 
slower among cases of readine disability. 
1 Herbert, op . cit ., P• 29. 
---
2 Thomas H. Eames, 1' A Study of the Speed of 'l!iiord Re-
co gnition, 11 Journal of Educational Research, Vol. 31, 
pp . 18 1-18 7., 1 937, p-.-182. 
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3. Spe ed of word recognition can be increased 
by means of prope r treatment • 
4. There is some relationship between increases 
in t h e speed of word recognition, increases 
in t he horizontal. diameter of tbe visual 
field, ani i mprovement in school work . 1 
A very important factor in word percep tion b y means 
of quick ex posure methods i s the intensity of 1 ight during 
the experiment. Tinker found that there are three important 
as pects of lighting : ( 1) t he quality o:t' color of the 
lighting, (2) the distribution or diffusion of t he light, 
(3) the intensity or brig htness of t he light. 2 
Tink er comucted an investig ation the p urpose of 
~h i ch was to discover the effect of changes in the intensity 
of illumination upon not only the speed of perception, but 
also as a determinir.g fac t or in e ye fatigue.3 Tinker divided 
t h e ex peri me nt into three parts: Speed of reading was 
measured after the eye h ad only two minutes to adapt i t self 
t o t h e intensity of light used. Th e second part measured 
1 Eames, op . cit., p. 185. 
2 Tinker, "Th e Effect of I lluminating Intensities 
Upon Speed of Recog nition and Upon Fatigue in Reading, 11 
Journal of Educational Ps yc holo gy , Vol.30, pp. 561-571, 1939, 
P• 561. 
3 Loc. cit. 
the speed of perception after the eye had fifteen minutes to 
become adapted to each level of brig htness. The third part 
was to detennine the effect up on clearness of vision of two 
hotU's of reading under certain levels of intensity of 
brightness. Six groups of eigrty-two university sophomores 
i n each g roup were used as readers. Reading matter consisted 
of Forms. "A" and 11 B11 of the Chapman-Cook Speed of Reading 
Test. 1 
From an analysis and study of the results. Tinker 
concluded (2) In tbe two minute adaptation pericd intensities 
below 10.3 foot candles retarded the speed of reading 
noticeably. The rate of reading ·was the same for 10.3, 
17.4, and 53.3 foot candles. (b) In the fifteen minute 
, 
adaptation p9 riod the int ens it ies below 3.1 foot candles 
retarded speed of reading to a marked de gree. (c) Clearness 
of vision as measured b y the 11 li 11 test was reduced by two 
hours of reading under i nt ensi ties of less than 3.1 foot 
candles. Clarity of vision was but little retai .. ded, however, 
by a t wo-hour reading p eriod under 3.1, 10.3, 17.4, and 53.3 
foot candles, although there was a s~ight decrease at the 
53.3 level. (d) The total result of the experiment showed 
1 Tinker, op. cit., PP • 561-562. 
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t hat t h e rrcriti cal level of illumination" for reading ten 
point t ype is ap prox imately three foot-candles. 
This demonstrated that speed of reading is not in-
creased, and clearness of vision is not chang ed appreci-
ably when the intensity of illumination is raised above 
3.1 foot-candles.l 
In an extensive a nalys5.s of the fixational pause 
of the eye in reference to perception, Arnold and Tinker 
found that, on an average , a r.ause of .157 sec. was re-
quired to identify a letter, and .172 sec. was needed to 
fixate a dot. These are long er tb.an the .100 sec. required 
for a well -cleared-up perception on several reading situ-
at ions. The mean pause duration varied from • 207 to • 404 
sec. These are shown to be much longer than the pauses 
made in simp le fixations wlich require a min:tmum of per-
cept ion. 2 
1 Tinker, op. cit., p . 571. 
2 Arnold and rrinker , 11 The Fixational Pause of 
the Eyes, 11 Journal of . Experi mental Psychology, Vol. 25, 
PP • 271-280, 1939. 
~-=~9F===~===-~==~=-=-==================~====~ d -------·- ---=--===-. - I 
!~~ 10n UnivGrai ty 
~ohc 1 of Education 
J.ib;r.a.r::\1i .• ••• ... :._,;l 
52 
===~-~~==============================================--==-==-==~~==--~-=-=-==~-~~~=-~=-=--==--==== 
CHAPTER IV 
SUMI\1ARY AND CONCLUSIONS 
It was not until a comparatively recent time that 
serious psychological research into t h e reading process 
has shed some light on just what takes place and what 
psycho-physical factors are involved in reading. The 
old theories of reading by individual letters were deeply 
rooted and· difficult to disprove. 1 
In 1885 Cattell conducted so me of his most famous 
experiments in this field and came up with the results 
that were .the starting point and basis for later and more 
extensive work. Cattell f ound that reading, far from being 
an individual letter pr ocess, was actually done in word-
wholes, even in phrase or sentence wholes. He also found 
that single words were recognized in short exposures, as 
quickly as single letters. 
Having estab lished conclusively that reading consists .. 
of letter groups rather than by indi •ridual letters, two dif-
ferent theories of how words are recognized were advanced. 
One group claimed that determining letters were the~--
important factor in p erception. The other group stated 
1 Huey, Psv cholo gy and Pe~ of Reading. 
' ... -. 
I 
/ 
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that words are recognized as units, and that even phrases 
or sentences may be perceived as unitary measures . 
Goldscheider, Muller, Huey and Pillsblry asserted 
t hat tall letters in words were determining or important let-
ters in word recog nition. Huey believed that the upper half 
of tbe letters are the most important determining factors 
in reading perception. 
Book thinks t hat t h ese conflicting theories of how 
perception in reading takes place may actually be recon-
ciled. He believes that different levels of reading require 
different methods of perception so that there may be some 
truth in all these conflicting theories.l 
Later research by Payne, Buswell, Eames, Tinker, 
Sisson and others on the perceptive process in reading 
have carried Cattell's t h eories farther ahead. However, 
as pay ne points out in her experiments on quick perception, 
t here is s ti 11 not too much known, and what is known has 
led to conflicting ideas . 
The part of eye-movements in the perceptual process 
was in the background for a long time. As soon as scientists 
found that perception took place during the pauses between 
1 W. F. Book, 11 Development of Hig her Orders of Per-
ceptual Habits in Reading ," Journal of Educational Research, 
1930. 
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the sweep of the eyes, naturally most of the research was 
concentrated there . In 191'7, however , there was a renewal 
of interest in the part that eye-movements played in per-
cept ion in reading. Javal had shown in very early research 
that there were actually pauses of the eyes while reading 
._ ... ,..............,._.,.....,.,__....,.,__~,._..._ ~ ._-..,._ •• __ ,, ___ ~w .,~ , •·• -••• ' - -• - ,.._, 'I••··••.••P\•• • 
a printed line rather than one continuous sweep of the eyes . 
·-- - -·~~ ••'-·-----·-·- ¥---u--•- ,., • 
--· In fact, Javal concluded that there were four or five 
p&u·ses, on an average, during the reading of each printed 
line. 
Tinker, Sisson , Dearborn, Eames and many others car-
ried research on eye-movements to a point where its im-
I 
portance in remedial reading was of great consequence . I 
:r:rere, again, conflicting theories of eye-movement in re- i 
f'erence to reading ani perceptual ability arose . DearbQ):n, __ I 
Pressey, Gray, and others held to the idea that eye-movements f 
- --·-··· I 
were a very important causal factor in the reading process. 
Training in eye-movements , these men believed, could lead to 
efficient motor habits whi ch would result in improved __ / 
reading . Eames, Tinker, Sisson, and Morgan were c::-:nced --·\ 
that faulty or :irregular motor habits or eye-movements ) 
1\' in reading were merely symptoms of reading inefficiency and 
had no casual bearing whatever on reading disability. They 
contended that no am ount of training in motor habits in 
( 
reference to eye-movements could result in improvement in 
.~---·./ -reading. 
r:: i~ .. 
" . .. 
As far as the present state of research in reading 
perception is concerned, and in regard to its fUture , 
Tinker sta.tes that much has. been accomplished and a g reat 
deal more will b e done in the future . However, he added 
a note of warning: 
Nevertheless, unfortunate trends have appeared . 
:Many unqualified· individuals , t hose v.ri .:thaut an 
adequate background, in either experimental pro-
cedures or tl~ psychology of reading have been 
doing 11 research 11 i n e ye movements . The results 
are deplorable. Furthermore the exploitation 
of the eye - movement technique bas accentuated 
the unfortunate emphasis upon peripheral deter-
minants of reading proficiency a..."ld has led to 
wide use of eye-movanen,t measurements in the 
clinical situation , although the eye-movement 
camera should be considered a research rather 
than a clinical instrument . There are signs , 
howevel", that the conclusions from sound re-
search and the views derived from adequate 
analysis of resutts in the field are beginning 
to ma1(e headway. 
1 Tinker , 11 Tfue Study of Eye- Iviovements in Reading, 11 
Ps yc h olo gical Bulletin, Vol. 43, PP • "93-115, 1946, P • 114. 
· -- r." il.-_, _) 
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